ABSTRACT Allergic contact dermatitis to cement is a delayed-type hypersensitivity reaction in which cytokines interferon-gamma (IFN-γ) and vascular endothelial growth factor (VEGF) may be involved in persisting erythema and oedema. VEGF and IFN-γ levels in serum and skin lesions were measured in 32 Egyptian building workers with chronic allergic contact dermatitis due to occupational exposure to cement and 20 healthy controls. Dermatitis patients had significantly higher levels of serum and lesional skin VEGF and IFN-γ than controls. A significant positive correlation was found between tissue VEGF and the eczema area and severity index (EASI) score in dermatitis patients (r = 0.86). VEGF and IFN-γ may play a role in the pathogenesis of cement allergic contact dermatitis. 
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. Allergic contact dermatitis is mediated by a delayed-type hypersensitivity reaction. Previous experimental studies revealed that skin exposure to contact allergens induced a selective type 1 T-helper (Th1) cell response with increased production of the cytokine interferon-gamma (IFN-γ). Th1 cells play an important role in the acquisition of sensitization and the elicitation of contact allergic reactions [5] [6] [7] . Other mechanisms beyond this pathway have been implicated in contact hypersensitivity. Angiogenesis and its mediators are thought to play a critical role in this immune reaction [8, 9] . Human vascular endothelial growth factor (VEGF) is a multifactorial cytokine that not only promotes angiogenesis but also enhances vascular permeability [10] . It has been reported that the expression of VEGF is increased in the lesional epidermis in inflammatory diseases such as psoriasis and contact eczema and in the serum of psoriatic arthritis patients [8, 11, 12] . VEGF might be involved in persisting erythema and oedema in eczematous skin [13] .
The aim of the present study was to determine VEGF and IFN-γ levels in the serum and skin lesions of patients with cement allergic contact dermatitis to assess the involvement of these cytokines in the pathogenesis of this common type of eczema and to study the relation of their levels to the clinical severity of eczema.
Methods

Sample
This study included all building workers with chronic allergic contact dermatitis due to occupational exposure to cement (n = 32) who presented to University of Assiut hospital dermatology clinic in the period March 2006-February 2007. All the patients were males, age range was 18-52 years, mean age 33.5 [standard deviation (SD) 6.3] years. In addition, 20 age-matched healthy male volunteers, selected from visitors to patients in our department, were included as a control group.
All the patients with dermatitis had a long duration of cement exposure before development of the allergic contact dermatitis [range 6 months to 8 years, mean 3.5 (SD 1) years]. Repeated attacks or exacerbations were reported with every cement exposure, even minimal exposure, in all patients. The patients noted marked improvement with cessation of cement exposure. These features point to allergic contact dermatitis. The duration of dermatitis ranged from 1 to 5 years with a mean of 2 (SD 1.5) years. The affected sites were, in order of frequency: hands, forearms, feet, legs, arms, neck, thigh, trunk and face. All 32 patients showed variable degrees of lichenification and/or fissuring; 10 patients presented with acute exacerbations with weeping dermatitis, while 8 patients had subacute eczema with scaling and crusting in some lesions. The diagnosis was based mainly on clinical features and was confirmed using the thin-layer rapid use epicutaneous (TRUE) test which is a readyto-use patch test system. All patients showed positive reactions to chromium (potassium dichromate patch) after application of the test to their back for 48 hours.
The severity of contact eczema in the patients was assessed using the eczema area and severity index (EASI). This includes an assessment of the surface area involved in 4 body regions: head and neck, upper limb, trunk and lower limbs (converted to a scale from 0-6). It also included assessment of erythema, infiltration/papulation, excoriation and lichenification, each on a scale of 0-3. EASI is a validated tool to objectively assess dermatitis severity with a maximum score of 72 [14] . In the present study, the score ranged from 4.5 to 39.1, with a mean of 26.7 (SD 10.1).
None of the patients included in the study had used any anti-allergic or anti-inflammatory therapy for at least 1 month. None of the patients had any other allergic conditions, dermatological disease, medical illness or malignancy. All patients and controls gave written informed consent.
Data collection
Blood samples (5 mL) were taken from patients and controls. Samples were allowed to clot for 30 min. at room temperature. Then samples were centrifuged for 10 min at 5000 rpm. Sera were separated and immediately stored at -70 °C until the time of assay.
Tissue samples were taken from both patients and controls. Punch biopsies (4 mm) were taken from the lesional skin in the patient group and from the inner aspect of the forearm near the elbow from the control group. Subcutaneous fat tissue was removed and the skin tissues were cut into small pieces on ice and were homogenized in 1/5 (w/v) 0.9% saline. Homogenates were centrifuged at 20 000 rpm for 15 min. Supernatants were separated and kept at -70 °C until the time of measurement. Care was taken to keep the temperature at -4 °C throughout the preparation of homogenates and supernatants.
Serum and tissue human VEGF levels were quantitatively determined in patients and controls by a solid phase sandwich enzyme-linked immunosorbent assay (ELISA), using a commercial immunoassay kit (R and D Systems, Minneapolis, USA). Serum and tissue human IFN-γ levels were measured in patients and controls by a commercial ELISA quantitative kit (Bender Med Systems, Vienna, Austria).
Statistical analysis
SPSS, version 15 was used for the data entry and analysis which included descriptive analysis, independent sample t-test, and Pearson correlation. The results were expressed as mean and SD. P-value < 0.05 was accepted as statistically significant.
Results
Serum levels of VEGF ranged from 78.4 to 653.3 pg/mL, while lesional skin tissue levels of VEGF ranged between 38.0 and 57.8 pg/mg protein. Serum levels of IFN-γ ranged between 65 and 635 pg/mL and lesional skin tissue levels of IFN-γ ranged from 102.8 to 527.0 pg/mg protein. The mean values are shown in Table 1 .
Patients with cement allergic contact dermatitis showed significantly elevated levels of serum and lesional skin tissue levels of VEGF compared with healthy controls (P = 0.005 and P = 0.001 respectively). They also had significantly higher serum and tissue IFN-γ levels compared with controls (P = 0.007 and P = 0.001 respectively) ( Table 1) . No significant positive or negative correlations were found between VEGF and IFN-γ levels in either serum or tissue.
A significant positive correlation was demonstrated between lesional skin tissue levels of VEGF and the EASI score in patients with cement allergic contact dermatitis (r = 0.86, P < 0001) (Figure  1 ), while no significant correlations were detected between EASI score and other studied biochemical parameters.
Discussion
Allergic sensitization to occupational materials can result in serious morbidity, with time lost from work. Wet cement is an important cause of occupational skin diseases. Allergic cement eczema was found to have a greater extent of involvement than irritant cement eczema [15] . The pathogenesis of allergic contact dermatitis involves epidermal cells such as keratinocytes and Langerhans cells, fibroblasts of dermis and endothelial cells, as well as invading leukocytes interacting with each other under the control of a network of cytokines [16] .
Allergic contact dermatitis is mediated by a delayed-type hypersensitivity reaction in which skin re-exposed to the same hapten stimulates T cells to produce Th1 type cytokines (e.g. IFN-γ) causing a cutaneous inflammatory reaction [17] . IFN-γ is recognized as the main effector cytokine in contact hypersensitivity, while interleukin (IL)-4 and IL-10 have been implicated in inhibition of contact hypersensitivity [18] . Angiogenesis and its mediators are also thought to play a critical role in contact hypersensitivity [8, 9] . There is increasing evidence that angiogenesis plays an important role both in the development of inflammation and the pathophysiology of tissue remodelling during allergic disorders [19] . VEGF enhances leukocyte recruitment to sites of inflammation [20] . There is considerable evidence to suggest that angiogenesis and chronic inflammation are codependant [21, 22] .
In the present study, patients with cement allergic contact dermatitis showed significantly elevated levels of serum and lesional skin tissue levels of VEGF compared with healthy controls. To the best of our knowledge, no other similar published studies on patients with cement allergic contact dermatitis could be found. However, these findings agree with the results of Zhang et al. who detected significantly high levels of VEGF in the lesions of atopic dermatitis patients [13] . That study also revealed that the VEGF 121 isoform which exclusively induces hyperpermeability of blood vessels was a predominant component in the lesional skin scales, suggesting that VEGF might be involved in persisting erythema and oedema in eczematous skin.
A significant positive correlation was also demonstrated in the present study between tissue levels of VEGF and disease severity measured by the EASI score in patients with cement allergic contact dermatitis. Recent studies on other inflammatory conditions noted that circulating levels of VEGF were significantly correlated with disease activity in patients with Previous experimental studies revealed that skin exposure to contact allergens induced a selective Th1-type cytokine response with increased production of . Lesional expression of IFN-γ was increased in patients with atopic dermatitis [24] . The concentration of IFN-γ was shown
Conclusions
VEGF and IFN-γ might play a role in the pathogenesis of cement allergic contact dermatitis. Lesional skin VEGF levels could be an indicator of the severity of eczema. New clinical strategies focused on downregulation of VEGF and IFN-γ could be of benefit in the treatment of allergic contact dermatitis.
to be higher in supernatants of peripheral blood mononuclear cells from patients with contact allergy compared with controls [25] . In agreement with these data, patients with cement allergic contact dermatitis in the present study had significantly higher serum and tissue IFN-γ levels than controls, which provides further evidence of a pivotal role for IFN-γ in the pathogenesis of allergic contact dermatitis. 
